A yellow-pigmented, Gram-staining-negative, non-motile, strictly aerobic and rod-shaped bacterium, designated CS100 T , was isolated from soil in Chungbuk, Korea. Phylogenetic analysis and comparative studies based on the 16S rRNA gene sequence showed that strain CS100 T belonged to the genus Flavobacterium in the family Flavobacteriaceae. Strain CS100
The genus Flavobacterium belongs to the family Flavobacteriaceae in the phylum 'Bacteroidetes' (Bernardet & Bowman, 2006) . It was originally described by Bergey et al. (1923) and was emended by Bernardet et al. (1996) to include Gram-staining-negative, strictly aerobic, yellowpigmented, and rod-shaped bacteria with MK-6 as the major respiratory quinone. Strains of members of the genus Flavobacterium occur in diverse habitats such as soil, fresh water, seawater, sediment, microbial mats and Antarctic environments (Kim et al., 2009; Qu et al., 2009; Van Trappen et al., 2005; Yi et al., 2005; Yoon et al., 2006) . At the time of writing, the genus Flavobacterium comprised over 60 species with validly published names (Euzéby, 1997) . Marine members of the genus Flavobacterium showing antagonistic activities against bacterial human pathogens have been reported (Jayanth et al., 2002) . In the course of screening for additional bacterial strains displaying similar activities, a novel strain was isolated from soil and studied using a polyphasic taxonomic approach.
Wet surface soil samples were collected near a pond in Wonheungi ecological park, Cheongju city, Chungbuk, Korea (N 36 u 369 480 E 127 u 279 570) in May 2010. For isolation of bacteria, serially diluted soil samples were spread on 1000-fold diluted tryptic soy agar (TSA; Difco) and incubated at 25 u C for 1 week under aerobic conditions. Antagonistic activity to a selection of human pathogens (Listeria monocytogenes, Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhi and Candida albicans) was detected using the agar spot test (Schillinger & Lücke, 1989) . Single colonies showing an inhibition zone were purified by repeated transfer onto TSA plates. Strain CS100 T , selected on the basis of its antagonistic activity to L. monocytogenes and S. aureus (data not shown), was grown routinely on TSA or in tryptic soy broth (TSB, Difco) at 25 u C. The strain was stored at 280 u C in TSB supplemented with 25 % (v/v) glycerol.
For phylogenetic analysis, the genomic DNA of strain CS100
T was extracted by the phenol/chloroform method (Wilson, 1994) . The 16S rRNA gene was amplified from chromosomal DNA using the universal primer set, 27F (59-AGAGTTTGATCMTGGCTCAG-39; Escherichia coli position 8-27) and 1492R (59-TACGGYTACCTTGTTACG-ACTT-39; E. coli position 1492-1510) (Park et al., 2006; Weisburg et al., 1991) . The purified PCR products were sequenced by Solgent (Korea) using primers 27F, 338F, 786R and 1492R (Weisburg et al., 1991) . The 16S rRNA gene sequence of strain CS100
T was assembled using SeqMan software (DNASTAR). The search for phylogenetic neighbours based on 16S rRNA gene sequence similarity was performed using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . The multiple alignments were performed by using the CLUSTAL_X program (Thompson et al., 1997) and gaps were edited in the BioEdit program (Hall, 1999) . The evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1980) . Phylogenetic trees were constructed by using the neighbour-joining method (Saitou & Nei, 1987) in the MEGA3 program (Kumar et al., 2004) and the maximum-likelihood method (Felsenstein, 1981) in the PHYLIP package (Felsenstein, 1993) with bootstrap values based on 1000 replications (Felsenstein, 1985) . (Stanier, 1947; Bernardet et al., 1996) , Flavobacterium anhuiense KCTC 22128 T (Liu et al., 2008) , Flavobacterium defluvii EMB117 T (Park et al., 2007) , Flavobacterium denitrificans ED5 T (Horn et al., 2005) and Flavobacterium daejeonense KACC 11422 T (Kim et al., 2006) with high bootstrap values ( Fig. 1 and Supplementary Fig. S1 , available in IJSEM Online). The maximum-likelihood tree showed essentially the same topology (data not shown). Although it had the highest sequence similarity to F. glaciei JCM 13953 T , strain CS100 T was located on a different phyletic line. Apart from F. banpakuense 15F3 T (not available at the time of the study), the four closest related strains, F. glaciei JCM 13953 T , F. johnsoniae KACC 11410 T , F. anhuiense KCTC 22128
T and F. daejeonense KACC 11422 T were used as reference strains for further taxonomic studies, including phenotypic tests.
Morphological, physiological and biochemical tests were performed using TSA or TSB as the basal medium at 25 uC, except that F. glaciei JCM 13953
T was incubated at 15 u C. Cellular morphology and motility were observed by phasecontrast microscopy (80i; Nikon) with cells in the exponential growth phase. Gliding motility was assessed by microscopic observation of a hanging drop from a fresh TSB culture (Bernardet et al., 2002) . Growth was assessed at 4, 5, 10, 15, 20, 25, 30, 37, 40, 45 and 50 u C on TSA and at pH 3.0-13.0 (using increments of 1 pH unit) in TSB for 1 week. The pH of the TSB was adjusted using 1 M NaOH or 1 M HCl. Tolerance to NaCl was evaluated in nutrient broth (NB, Difco) supplemented with 0-5 % (w/v) NaCl (at 1 % intervals). Growth was evaluated on several bacteriological media: TSA, nutrient agar (NA, Difco), marine agar 2216 (MA, Difco), R2A agar (Difco) and MacConkey agar (Difco). Growth under anaerobic conditions was assessed after 7 days of incubation on TSA at 25 u C in the GasPak EZ anaerobic container system (BD). Gram staining was performed using the BD Gram stain kit according to the instructions of the manufacturer (BD). Catalase activity was assessed by the production of oxygen bubbles in 3 % (v/v) H 2 O 2 and oxidase activity was assessed using the oxidase reagent (bioMérieux) according to the manufacturer's instructions. The presence of flexirubintype pigments was assessed by the colour shift of bacterial colonies from yellow to red when flooded with 20 % KOH (Reichenbach, 1989; Bernardet et al., 2002) . Congo red adsorption was assessed by directly flooding the colonies on agar plates with 0.01 % (v/v) aqueous Congo red solution. Acid production from carbohydrates was evaluated by using ammonia salt-sugar medium (pH 8.0) containing (l Fluka] was tested using TSA as the basal medium after 1 week of incubation. DNA and pectin hydrolysis were assessed on DNase test agar (Difco) and PEK7 medium (Reichenbach, 1991) , respectively. Additional enzymic activities and biochemical features were tested by using API 20NE, API ID32 GN and API ZYM galleries according to the manufacturer's instructions (bioMérieux). The galleries were incubated for 3 days at 25 u C, except those of F. glaciei JCM 13953
T that were incubated at 15 u C. The following antibiotics were tested on TSA using the disc-diffusion method with laboratory-prepared discs (mg per disc): ampicillin (50), chloramphenicol (25), gentamicin (10), kanamycin (50), penicillin G (50), spectinomycin (20), streptomycin (10) and tetracycline (10). The antibiotic sensitivity was assessed after 7 days of incubation at 25 u C (20 u C for F. glaciei JCM 13953 T ). The results of morphological, physiological and biochemical tests are given in Table  1 and the species description. Importantly, strain CS100
T was able to reduce nitrate to nitrogen, a trait shared only with F. denitrificans and F. banpakuense among all currently recognized species of the genus Flavobacterium.
For the analysis of cellular fatty acids, strain CS100
T and the four reference strains, F. glaciei JCM 13953 T , F. johnsoniae KACC 11410 T , F. anhuiense KCTC 22128 T and F. daejeonense KACC 11422 T , were cultivated at 20 u C for 3 days on TSA. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) by using the TSBA 40 method. Extracts were then analysed by GC (6890N; Hewlett Packard) and identified by comparing the fatty acid profiles with the TSBA 40 database provided with the Sherlock software 4.0 (Sasser, 1990) . The fatty acid compositions of strain CS100
T and the reference strains are shown in Table 2 . The major fatty acids of strain CS100 T were iso-C 15 : 0 (17.3 %), summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c, 15.5 %) and C 16 : 0 (11.8 %). Overall, this composition was in accordance with those of related species of the genus Flavobacterium with minor differences in the respective proportions of some fatty acids (Bernardet et al., 1996; Kim et al., 2006 Kim et al., , 2011 Liu et al., 2008) .
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), evaporated using a vacuum and reextracted with n-hexane-water (1 : 1, v/v). The crude quinone in n-hexane was purified using Sep-Pak Vac Cartridges Silica (Waters) and then analysed by HPLC, as previously described by Hiraishi et al. (1996) . The major respiratory quinone in strain CS100
T was menaquinone-6 (MK-6), in line with all members of the family Flavobacteriaceae (Bernardet et al., 2002) .
The genomic DNA of strain CS100
T was enzymically degraded into nucleosides and the DNA G+C content was determined using a reverse-phase HPLC (Mesbah et al., 1989) . The DNA G+C content of strain CS100 T was 36.4 mol%. This value was consistent with the G+C contents of most species of the genus Flavobacterium DNA-DNA hybridization experiments were performed between strain CS100 T and the four reference strains using photobiotin-labelled DNA probes and micro-dilution wells as described by Ezaki et al. (1989) . Hybridization was conducted with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were quoted as the DNA-DNA relatedness value. DNA-DNA relatedness values between strain CS100 T and F. glaciei JCM 13953 T , F. daejeonense KACC 11422 T , F. anhuiense KCTC 22128 T and F. johnsoniae KACC 11410 T were 3.0, 6.6, 7.3 and 11.5 %, respectively, clearly demonstrating that the new isolate represented a novel species (Wayne et al., 1987) . Therefore, on the basis of data obtained using a polyphasic taxonomic approach, strain CS100
T represents a member of a novel species within the genus Flavobacterium, for which the name Flavobacterium chungbukense sp. nov. is proposed.
Description of Flavobacterium chungbukense sp. nov. serine, L-histidine, L-fucose, 2-ketogluconate, 3-hydroxybutyrate, 3-hydroxybenzoate, 4-hydroxybenzoate, 5-ketogluconate, adipate, caprate, malic acid, phenylacetic acid, citrate, potassium gluconate, propionate, valerate, inositol, itaconate, suberate, malonate or acetate (API 20NE and API ID32 GN). Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, b-glucosidase and Nacetyl-b-glucosaminidase activities are present, but lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, a-mannosidase, a-fucosidase, b-galactosidase and b-glucuronidase activities are absent (API ZYM). Antagonistic to L. monocytogenes and S. aureus. Resistant to gentamicin, kanamycin, spectinomycin and streptomycin, but sensitive to ampicillin, chloramphenicol, penicillin G and tetracycline. Menaquinone-6 (MK-6) is the major isoprenoid quinone. The major cellular fatty acids (.11 %) are iso-C 15 : 0 , summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c) and C 16 : 0 .
The type strain, CS100 T (5KACC 15048 T 5JCM 17386 T ), was isolated from soil in Cheongju, Chungbuk, Republic of Korea. The DNA G+C content of the type strain is 36.4 mol%.
